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Abstract 
 
This paper proposes a method to price convertible bonds with credit risk using 
Duffie-Singleton approach to handle credit risk. As such it also provides a method to 
replicate convertibles by trading common stocks and corporate bonds of the issuing 
company. Empirical comparison with existing models which incorporate credit risk is 
provided using Japanese convertible bond data.   
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2.  طଘͷϞσϦϯάͷ֓؍ͱ৽͍͠ϞσϦϯά΁ͷΠϯηϯςΟϒ  
 
2.1.  ΫϨδοτϦεΫͷϞσϦϯά 
 
৴༻ϦεΫΛߟྀͨۚ͠༥঎඼ͷධՁ͸ҎԼͷ̎ͭͷΞϓϩʔνʹେผ͞ΕΔɻ 
A1  ߏ଄Ξϓϩʔν 
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ΫͷύϥϝʔλͰ͋ΔϋβʔυɾϨʔτ΍ϦΧόϦʔɾϨʔτ͸֎ੜతʹ༩͑ΒΕΔɻ
Duffie-Singleton(1999)ɺ Jarrow-Turnbell(1994)͸͜ͷΞϓϩʔνͷ୅දతͳϞσϧͰ͋Δɻ  
 
2.2.  ΫϨδοτϦεΫΛߟྀͨ͠స׵ࣾ࠴ͷϞσϦϯά 
 
ç ৴༻ϦεΫΛߟྀͨ͠స׵ࣾ࠴ͷϓϥΠγϯά΋ 2.1 Ͱڍ͛ͨ̎ͭͷΞϓϩʔνͷͲͪ








3. Duffie and Singleton (1999)ͷ࿮૊Έʹ͓͚Δస׵ࣾ࠴ͷϓϥΠγϯά 
 







{} τ ≥ = Λ t t 1        ) 1 . 3 (  
͜͜ͰН͸σϑΥϧτ͕ى͜Δ࣌ؒͰ͋Δɻܭ਺աఔΛ࣍ͷΑ͏ʹఆٛ͢Δɻ 
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Doob-Meyer ෼ղʹΑͬͯɺ̣t ͸ Nt=A+M ͱ༗քมಈͰՄଌͳӈ࿈ଓ૿Ճաఔ̖ʢ̖ͷ




s t M ds N + = ∫ 0         ) 3 . 3 ( λ  
͜͜ͰЕt ͸ڧ౓ؔ਺Ͱɺ ֬཰తʹมಈͯ͠΋Α͍ɻ Mt ͸ϚϧνϯήʕϧͰ͋Δɻ (3.1)-(3.3)
ΑΓɺϽt ͸࣍ͷΑ͏ʹදݱͰ͖Δɻ  
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t S du r ds du r E



















| 1 ) exp( 1 ) ( exp               
| 1 ) exp( ) 1 ( ) ( exp    ) 8 . 3 (
 
͜͜Ͱɺ ʡPre-default processʡ̫t Λ࣍ͷΑ͏ͳ৚݅Λຬͨ֬͢཰աఔͱ͢Δɻ 
{} τ < = t t t V S 1         ) 9 . 3 (  
(3.8)ʹςΫχΧϧͳ৚݅ͱͱ΋ʹ Generalized Ito's lemma(see.Protter (1990))Λ༻͍Δͱɺ
(3.9)Λຬ̫ͨ͢t ͸ɺ 
Q under    martingale   some   is          where           
] ) ( [        ) 10 . 3 (
t
t t t t t t t
M




͋ͬͨɻ͜͜ͰɺRMV(Recovery of Market Value)  
  7 
rate recovery    :                 
        ) 11 . 3 ( t
φ
φ t tV = Φ
 
ΛԾఆ͢Ε͹ɺ(3.10)͸ 
t t t t
t
t t t t
r R
M
dM dt V R dV
λ φ ) 1 (    and                 
Q under    martingale   some   is          where           





Ϋʔϙϯࢧ෷͍ͷ͋Δ৔߹΁ͷ֦ு͸ straightforward Ͱ͋Δʣຬظͷ৚݅ V(T)Λ༩͑ͯ













F aS Max V
T
T T
  at time stock    underlying    the of   price    the is     and                    
 value face   a   is     and                    
ratio   conversion   a   is     e       wher           




{ } { }
coupon   sum   lump a    is          where           
) ) 1 ( ( exp ) ) 1 ( ( exp         ) 15 . 3 (
t
T










dD ds r E V ds r E V 


 − + − + 






Q under  motion  brownian    standard   a   is      re        whe           
       ) 16 . 3 (
t
t t t t t t
w
dw S dt S r dS σ + =
 
Λ࠾༻ͯ͠Α͍ͩΖ͏͔ɻҎԼɺܦࡁֶతʹ(3.16)͸͓͔͍͜͠ͱΛड़΂Δɻస׵ࣾ࠴ͷσ
ϑΥϧτΛҾ͖ى͜͢ͷ͸ݪגՁ֨ͷԼམͰ͋Δɻ͞Βʹاۀͷࢿຊߏ੒ʹ໨Λ޲͚Ε͹ɺ   
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Ͱ͋Γɺ స׵ࣾ࠴ͷσϑΥϧτ͸ݪגՁ͕֨ 0 ʹߦͬͨͱ͖ͷΈʹى͜Δ͜ͱ͕෼͔Δ ʢਤ
͸Ұൠతʹస׵ࣾ࠴͸ී௨ࣾ࠴ΑΓ΋༏ઌॱҐ͕௿͍͜ͱΛ൓ө͍ͯ͠Δʣ ɻͭ·Γɺܭ਺
աఔͷ̍൪໨ͷࣄ৅Λస׵ࣾ࠴ͷճऩֹۚЇͷσϑΥϧτͱ͢Δͱ͖ɺ ಉ࣌ʹݪגՁ֨͸ 0
ʹδϟϯϓ͠ͳ͚Ε͹ͳΒͳ͍ʢͭ·Γɺճऩֹۚ 0 ͷσϑΥϧτʣ ɻ͜ͷ͜ͱ͸ݪגՁ֨
ͷ̨̙͕̚ 
(3.12)   as   process intensity    same    the is     : Note              
   and                 
Q under    martingale   some   is          where           





λ t t t
t
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r R
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̐.  ࣮ࡍతͳϓϥΠγϯάϞσϧ 
       
ç ç ç ç ͜ͷষͰ͸࣮ࡍʹ༰қʹ࣮ߦՄೳͰ͋ΔΑ͏ͳ̎ͭͷస׵ࣾ࠴ϓϥΠγϯάϞσϧΛఏ
Ҋ͢Δɻ̎ͭʹڞ௨͍ͯ͠Δ͜ͱ͸ɺࣾ࠴Ͱ imply ͞Ε͍ͯΔ৘ใΛ༻͍ͯస׵ࣾ࠴ͷΫ
Ϩδοτ෦෼ΛϓϥΠγϯά͢Δͱ͍͏͜ͱͰ͋ΔɻͦͷͨΊ̎ͭͷϞσϧ͸༠ಋܕΞϓ
ϩʔνʹଐ͢Δɻڀۃతʹ͸ࣾ࠴ͱస׵ࣾ࠴ͷΫϨδοτ෦෼ͷ relative pricing Ͱ͋Δɻ
ࠓͷ৔߹ʹ͸ࣾ࠴Ձ֨Λॴ༩ͱ͍ͯ͠ΔͷͰɺస׵ࣾ࠴͕ࣾ࠴ͱൺ΂ͯΫϨδοτతʹׂ
ߴׂ͔͔҆Λ൑ఆ͠Α͏ͱ͍ͯ͠Δɻస׵ࣾ࠴͸גՁͷσϦόςΟϒͰ͋ΔͷͰ΋ͪΖΜ
גࣜͱస׵ࣾ࠴ͱͷ relative pricing Ͱ΋͋Δɻطଘͷస׵ࣾ࠴ͷϓϥΠγϯάʹ͓͚Δ༠
ಋܕΞϓϩʔνͰ͸ɺגՁͱࣾ࠴ͷࢢ৔Ձ֨ͷ৘ใ͸ಠཱʹస׵ࣾ࠴ͷϓϥΠγϯάʹ༻
͍ΒΕͨɻ ͦ͜Ͱ͸େ͖ͳ఺͕ݟա͝͞Ε͍ͯΔͱࢥΘΕΔɻ Fig1-1,Fig3-1 ʹ͋ΔΑ͏ʹɺ
ຊ࣭తʹ͸גࣜ΋ࣾ࠴΋ಉҰͷݪࢿ࢈ɺاۀՁ஋Λ΋ͭσϦόςΟϒͰ͋Δ͔ΒͰ͋Δɻ 
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ҎԼʹڍ͛Δ̎ͭͷϞσϧͰ͸͜ͷ͜ͱΛҙ͍ࣝͯ͠Δɻ 
 





4.1.1.  ࿈ଓ࣌ؒϞσϧ 
 
·ͣస׵ࣾ࠴ΛϓϥΠγϯά͢Δ্ͰҰ൪ॏཁͳϑΝΫλʔͰ͋ΔݪגՁ֨ͷ֬཰աఔ
Λߟ͑Δɻ(3.16)ͷϚϧνϯήʕϧ Mt ʹඪ४ϒϥ΢ϯӡಈΛ࠾༻͠ɺ 
t t t
t
t t t t t t
r R
w







   and                 
Q under  motion  brownian    standard    the is          where           














constants   some   are   0 , ,   where
1 ) (       ) 5 . 4 (
       ) 4 . 4 (
        (4.3)
example, For 
0 for     0                      
0                      
conditions    the satisfying     price stock     the of function    decreasing   a   is                 











































Е͸ࣾ࠴ࢢ৔ͰImply͞Ε͍ͯΔɻ ࣾ࠴͸ࠓͷ࿮૊ΈͰ࣍ͷΑ͏ʹϓϥΠγϯά͞ΕΔɻ  
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{ } { }
bond   corporate   underlying    the of   coupon   sum   lump a    is       and                    
bond   corprate   underlying    the of    value face a    is          where           















dD ds r E F ds r E V 


 − + − + 







constant        ) 7 . 4 (
* ≡ = φ φ  
ͱԾఆ͢Δ͜ͱʹ͢Δɻ͢Δͱ(4.6)ʹ͓͍ͯະ஌ͷύϥϝʔλ͸Е͚ͩͰ͋Γɺ(4.1)ʹΑ
ͬͯݪגՁ֨ͷ֬཰աఔ͕༩͑ΒΕ͍ͯΔͷͰɺ(4.2)ʹΑͬͯఆࣜԽ͞ΕΔЕΛ
Newton-Raphson Method ʹΑͬͯݱࡏͷࣾ࠴Ձ֨ʹϑΟοτͤ͞Δ͜ͱ͕Ͱ͖Δɻ 
ç ࠷ޙʹࠓ·Ͱͷ৘ใΛ༻͍ͯస׵ࣾ࠴Λ࣍ͷΑ͏ʹϓϥΠγϯά͢Δɻ 
{ } { }





F aS Max V















, 0 ,           (4.9)
condition, bondary     the With
bond   e convertibl    the of   coupon   sum   lump a    is     and                    
  at time stock    underlying    the of   price    the is     and                    
bond   e convertibl    the of    value face a    is     and                    
ratio   conversion a    is     and                    
) , (         where           







 − + − + 

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+ − + =
+ + − + =
+ − + + =
∫ ∫
∫∫
X dw dt dX
X t r S
dw ds t r S















4.1.2.  ཭ࢄ࣌ؒۙࣅϞσϧ 
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ç ͜ͷઅͰ͸(4.11)ͷ̳X(t)Λ཭ࢄ࣌ؒʹۙࣅ͠ɺόΠϊϛΞϧπϦʔΛߏங͢Δɻຬظ࣌
ࠁ T ·ͰͷظؒΛ N ݸʹۉ౳෼ׂͯ͠ 0,h(=T/N),2h,…,T ͱ཭ࢄԽͨ͠ͱ͖ͷ֤࣌఺ ih(i
˥{0,1,…,N-1})ʹ͓͚Δ̳X(ih)Λ࣍ͷΑ͏ʹ߲̎ۙࣅ͢Δɻ 
   + =
= − =
= = − +
) , (   of y  probabilit a     with 1 '   if         1
) , ( - 1   of y  probabilit a     with '   if       1       (4.13)
by   defined    variable random a    is     and
  state at    ,   at time     of    value  the is   ) , (      where           
0 ) 0 ( :     ) , ( ) ' , 1 (       ) 12 . 4 (
j i q j j
j i q j j Y
Y
j i X j i X
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∫∫
) , ( ) ( 1
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) , ( '       )' 14 . 4 (
0 : ) (        where (4.11)'
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X dw dt r dX
X t S
dw ds r t S
dw ds r S S



















4.2.1.  ࿈ଓ࣌ؒϞσϧ  












    
constant   a   be    to assumed   is                                
: Q under  motion  brownian    standard   a   is      re        whe           










default   of    value critical   a   is   ) (   '                         
: default  with  associated    time stopping   a   is        where           
' ) ( : inf       ) 17 . 4 (
S S









] , 0 [ ,                     (4.19)
condition, boundary     the   with
Q under   t  at time   ' barrier     to  time passage first     the of   p.d.f.    the is   ) (                           
ratio   conversion a    is                             
: CB    the of    value face a    is                             
: CB    the of   rate recovery  constant  a    is         where           
) ( 1 , ) (        ) 18 . 4 (
'
0 ' ' 0 0




























̨͕'ʹ౸ୡͨ͠ͳΒ͹ɺస׵ࣾ࠴อ༗ऀ͸ճऩֹۚʢ ʮϦϕʔτʯ ʣП̛Λड͚औΓɺاۀ 
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,   '   if
  ,   ,    0
2
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Q under   t  at time   ' barrier     to  time passage first     the of   p.d.f.    the is   ) (          
: bond   corporate    the of    value face   a   is            
:   rate recovery  constant    a   is     where
              
) ( 1 ) ( principal        ) 22 . 4 (
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S dt t Q
0 ' ) ( 1 ͷධՁ 




2 Ͱɺ t t Z S = ln ͱ͓͚͹ t Z ͸
( )
2 ,σ µ ʵϒϥ΢ϯӡಈͰ͋Δɻ 
ç (4.17)ʹ͓͚Δఀࢭ࣌ࠁͷఆٛΑΓɺ  
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[] T dt t Q
T
S > = − ∫ τ Pr ) ( 1      ) 1 . M (
0 '  
ç ϒϥ΢ϯӡಈͷ࿈ଓੑΑΓɺ 
[] [ ] ' min Pr Pr      (M.2) 0 S S T t T t > = > ≤ ≤ τ  












 > = > ≤ ≤ ≤ ≤ S
S
Z S S t T t t T t
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≤ ≤ ≤ ≤
'
log max Pr 1                                                       
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 ≤ − ≤ ≤ '
log max Pr 0 S
S
Zt T t ͷ෦෼͸ɺॳظ஋ 0 ͷ () ()











ʹɺ࣌ࠁ̩·Ͱʹ౸ୡ͠ͳ͍֬཰Ͱ͋Δɻ͜Ε͕ٻ·Ε͹ɺ [] T > τ Pr Λ
ධՁͰ͖Δɻͦ͜Ͱɺnotation Λ؆୯ʹͯ͠ɺॳظ஋̌ͷ()
2 ,σ µ ʵϒϥ΢ϯӡಈʢ t B ͱ͓
͘ʣ্͕ํڥք̪ʹ౸ୡ͠ͳ͍֬཰ɺ [] U Bt T t ≤ ≤ ≤ 0 max Pr ΛٻΊΔ͜ͱΛߟ͑Δɻ 
t t B Y
1 − = σ ͱεέʔϧม׵͢Ε͹ɺ [] U Bt T t ≤ ≤ ≤ 0 max Pr ʹ [ ] σ
U Yt T t ≤ ≤ ≤ 0 max Pr Ͱ͋Δɻ
͞ΒʹɺΪϧαϊϑͷఆཧΛ༻͍ͯଌ౓ม׵͢Δ͜ͱʹΑͬͯɺ t Y Λඪ४ϒϥ΢ϯӡಈʹ
͢Δ͜ͱ͕Ͱ͖ΔɻҎ্ͷ͜ͱΛ೦಄ʹ͓͖ͳ͕Βܭࢉ͢Δɻ 
[] U Bt T t ≤ ≤ ≤ 0 max Pr ΛٻΊΔͨΊʹɺ֬཰ଌ౓ͱ֬཰աఔΛ࣍ͷΑ͏ʹఆٛ͢Δɻ 










































, martingale   l exponentia an    Define
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µ µ  
͜͜Ͱɺ 
[] [ ] [ ]
[] H Y H M
H Y H M H Y H M H M
T T
T T T T T
≤ ∩ ≤ =
> ∩ ≤ + ≤ ∩ ≤ = ≤
Pr                                                 
Pr Pr Pr        (M.6)
 
ͳͷͰɺଌ౓̦ͷԼͰͷ T M ͱ T Y ͷಉ࣌ີ౓ؔ਺͕෼͔Ε͹ɺ ʢ̢.5ʣΛධՁͰ͖Δɻ 
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b c Y c M b Y T T T
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rt dt t Q e
0 ' ) ( ͷධՁ  
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− ͱ͍͏σΟεΧ΢ϯτɾϑΝΫλʔ͕ೖΔ͜ͱʹΑͬͯɺ ( ) ( )
2 2 , 2 σ σ − − r ʵ
ϒϥ΢ϯӡಈ͕ɺ () ()
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Q under   t  at time   ' barrier     to  time passage first     the of   p.d.f.    the is   ) (           
:     at time   paid coupon    a   is      where
               
































ม਺Λ༻͍ͨτϦϊϛΞϧ ɾ πϦʔʹΑΓɺ ޮ཰తʹϓϥΠγϯά͢Δ(see Ritchken(1995))ɻ  
ç (4.16)ʹରͯࣗ͠વର਺Λͱͬͯ 
    
constant   a   be    to assumed   is                                











dw dt r S d + − =
 
(4.25)Λ཭ࢄۙࣅͯ͠ 
t t r t
S t t S t t S
∆ ∆ −
+ = ∆ +
2 2    variance and   )
2
1
( mean   with  normal   be   shold   ) (      where           

















p y  probabilit h         wit
p y  probabilit ith           w            0
p y  probabilit ith           w
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) ' / ) 0 ( ln(
     ) 29 . 4 (  
x
x
    than                       
smaller  integer  largest     the returns hich  function w   a   is   ) floor(        where           
) floor( n     ) 30 . 4 ( η =
 
n
    ) 31 . 4 (
η
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ߏங͢Δɻ 
ç Ұ୴πϦʔΛߏங͢Ε͹ɺόϦΞŋΦϓγϣϯΛ਺஋తʹղ͘ࡍʹ௨ৗͷΞϝϦΧϯŋΦ




  21 
4'. (4.1),(4.2)ʹؔ͢Δ Sensitivity Analysis   
(͢΂ͯͷϓϩάϥϛϯά͸MatlabͰ͓͜ͳ͍ɺ σʔλղੳʹ͸MatlabͱExcel Λ༻͍ͨ) 
 
4.1,4.2 Ͱڍ͛ͨϞσϧʹ͍ͭͯɺ ࣮ࡍͷࢢ৔σʔλΛ༻͍ͳ͕Β༷ʑͳײ౓෼ੳΛߦ͍ɺ
Ϟσϧʹ͍ͭͯ۩ମతʹߟ࡯͢ΔɻҎԼ 4.1 ͷϞσϧΛ Intensity modelɺ4.2 ͷϞσϧΛ
Boundary model ͱදه͢Δɻ 






ͬͨɻ͜͜Ͱ͸(4.3)Λڧ౓ؔ਺ͱͯ͠࠾༻͠ɺϺͱ a Λ༩͑ͯ΍Γɺb Λ༻͍ͯࣾ࠴ͷՁ֨
ʹΑͬͯ Imply ͞Ε͍ͯΔΫϨδοτϦεΫʹϑΟοτͤͨ͞ɻଞͷύϥϝʔλΛҰఆʹ
ͯ͠ΫϨδοτɾεϓϨουΛಈ͔ͨ͠άϥϑ͸࣍ͷΑ͏ʹͳͬͨɻ 


















200 bps  100 bps 
50 bps 
Implied intensity function 






Δɻ͜ͷ Implied intensity function Λ༻͍̘̗ͯΛϓϥΠγϯά͢Δͱ࣍ͷΑ͏ʹͳΔɻ   
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࣍ʹ Boundary model ʹ͓͚ΔΫϨδοτϦεΫͷॲཧʹ͍ͭͯݟͯΈΔɻBoundary 
model ʹ͓͍ͯ͸σϑΥϧτڥքͷਫ४͕ΫϨδοτϦεΫΛॲཧ͢Δ෦෼Ͱ͋ͬͨɻ·
ͣɺଞͷύϥϝʔλΛҰఆʹͯࣾ͠࠴ͷΫϨδοτŋεϓϨουΛಈ͔ͨ͠ͱ͖ͷ Implied 
default boundary ʹ͍ͭͯݟͯΈΔɻ 






















ç ΫϨδοτŋεϓϨου্͕͕ΔͱσϑΥϧτڥքͷਫ४͸্ঢ͢Δɻͦͷ Implied 
default boundary Λ༻͍̘̗ͯΛϓϥΠγϯά͢Δͱ࣍ͷΑ͏ʹͳΔɻ  
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ç Boundary model Ͱ͸ɺ גՁ͕௿͍ͱ͖ʹεϓϨουͷҧ͍͕େ͖̘̗͘ͷϓϥΠεʹ͋
ΒΘΕɺגՁ͕ߴ͘ͳΔͱ΄ͱΜͲ͋ΒΘΕͳ͘ͳΔɻ͜Ε͸ Boundary model ʹ͓͍ͯ
σϑΥϧτ͕֦ࢄաఔͷΈΛ༻͍ͯهड़͞Ε͍ͯΔͨΊͰ͋Δɻ 
࣍ʹϦΧόϦʔŋϨʔτͷײ౓෼ੳΛߦ͏ɻ 
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Boundary model ͸૯ͯ҆͡ఆతͰ͋ͬͨɻ 
ç ࣍ʹస׵ࣾ࠴ΛϓϥΠγϯά͢ΔࡍʹҰ൪ॏཁͳύϥϝʔλͰ͋ΔͱࢥΘΕΔݪגͷϘ
ϥςΟϦςΟʹରͯ͠ͷײ౓෼ੳΛ͓͜ͳ͏ɻ  
















































Model parameters (summary) 
for volatility sensitivity:   
Settlement  date        11/03/2000 
Maturity  of  CB         03/31/2003 
           SB          03/18/2003 
Stock  price             720 
Conversion  price        732 
HV of underlying stock      0.4969 
  (last half year) 
Yield  of  SB  1.598  (Libor  0.705) 
Market  price  of  CB    129.5 
With HV and zero recovery, 
Arb price by intensity model      129.6 
         by  boundary  model   126.2  
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̑. Tsiveriotis and Fernandes (1998)ͷཧ࿦తղऍ 
 
5.1. Tsiveriotis and Fernandes (1998)ʹ͍ͭͯ 
 




:   CB    with the maturities similar  for  issuer    same       the                      
  of   bonds   e convertibl - non by    implied   spread credit    observable    the is                          
: rate   free - risk    the is                          
: stock    the of   rate growth     the is   stock,   underlying    the of   price    the is                          
: COCB   of    value  the is     CB,   of    value  the is      where           
0 ) (
2
       ) 2 . 5 (
0 ) ( ) (
2


















































͜͜Ͱ COCB(Cash-Only part of the CB)ͱ͍͏ศٓతͳԾ૝ূ݊͸࣍ͷΑ͏ʹఆٛ͞Ε
ΔɻCOCB ͷॴ༗ऀ͸ɺରԠ͢Δ CB ͷॴ༗ऀ͕࠷దʹߦಈͨ࣌͠ʹड͚औΔ͢΂ͯͷ
Cash-flowsʢEquity-flows ͸ؚ·ͳ͍ʣΛड͚औΔݖརΛ࣋ͭɻ(5.1),(5.2)͸ڥք৚݅Λ௨
ͯ͡࿈ཱ͞Ε͍ͯͯɺಉ࣌ʹղ͘ඞཁ͕͋ΔɻTsiveriotis and Fernandes (1998)Ͱ͸ड़΂
ΒΕ͍ͯͳ͍͕ɺEOCB(Equity-Only part of the CB)ͱ͍͏৽ͨͳԾ૝ূ݊Λ࣍ͷΑ͏ʹ
ఆٛ͢ΔͱɿEOCB ͷॴ༗ऀ͸ɺରԠ͢Δ CB ͷॴ༗ऀ͕࠷దʹߦಈͨ࣌͠ʹड͚औΔ͢
΂ͯͷ Equity-flowsʢCash-flows ͸ؚ·ͳ͍ʣΛड͚औΔݖརΛ࣋ͭɿɺTsiveriotis and 
Fernandes (1998)͸(5.1),(5.2)ʹՃ͑ͯɺ࣍ʹڍ͛Δ(5.3)ͷ̏ຊͷภඍ෼ํఔࣜ͏ͪ̎ຊΛ
ղ͚͹Α͍ͱݴ͍ͬͯΔ͜ͱͱಉ஋Ͱ͋Δɻ 
EOCB   of    value  the is      where           
0
2


























5.2. Duffie and Singleton (1999)ͷ࿮૊Έʹ͓͚Δղऍ 
 
ç ൺֱΛߦ͏ͨΊʹɺ4.1 Ͱڍ͛ͨϞσϧͷภඍ෼ํఔࣜΛಋ͘͜ͱ͔Β͸͡ΊΔɻ͞Β 
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) ) 1 ( (
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2 2 ) ) 1 ( ( ) ) 1 ( (
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1
) ( ) ) 1 ( ( ) , (       ) 6 . 5 (
͜͜Ͱɺ֬཰ଌ౓̦ͷԼͰ(5.6)ͷࠨล͸ϚϧνϯήʕϧͰ͋ͬͨɻΑͬͯɺ(5.6)ͷӈลͷ
υϦϑτ߲͸̌ʹͳΒ͚Ε͹ͳΒͳ͍ɻͭ·Γɺ 
0 ) ) 1 ( (   ) (
2
      ) 7 . 5 (
2
2 2 2





















ç (5.7)Λ஫ҙਂ͘؍࡯͢ΔͱɺTsiveriotis and Fernandes (1998)ͷಋग़ʹඞཁͳԾఆ͕ݟ
͑ͯ͘Δɻ̨ʹؔ͢ΔҰ֊ඍ෼ͷͱ͜ΖͰЕ͕Ͱͯ͘Δͷ͸ɺاۀͷࢿຊߏ੒͔Βಋ͔Ε
ͨ౰વͷؼ݁Ͱ͋ͬͨɻ͜ͷЕΛফͨ͢Ίʹ͸ɺ 
(A1)  ݪגՁ͕֨స׵ࣾ࠴ͷσϑΥϧτΛҾ͖ى͜͢ϨΞŋΠϕϯτͷӨڹΛ 
ड͚ͳ͍ 
ͱԾఆ͢Δ͜ͱ͕ඞཁͰ͋Δɻ͞Βʹ 
(A2) CB,COCB,EOCB ͷ͏͕ͪ̎ͭࢢ৔ੑࢿ࢈Ͱ͋Γɺ u=v+w ͱ͍͏ࡋఆۉߧ͕੒ཱ͢Δ 
(A3) CB,COCB ͷσϑΥϧτ࣌ͷճऩ཰͸ಉҰͰ͋Δ 
(A4) EOCB ͸ CB,COCB ͷσϑΥϧτΛҾ͖ى͜͢ϨΞɾΠϕϯτͷӨڹΛ 
ççड ͚ ͳ ͍  
ͱԾఆ͢Δͱɺ(5.1),(5.2),(5.3)ʹ͓͍ͯ 
λ φ ) 1 (        ) 9 . 5 (
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ͱ͓͍ͨ΋ͷ͕ಋ͚Δɻͱ͜ΖͰ Tsiveriotis and Fernandes (1998)ʹ͓͍ͯ͸ɺ 
rg ʹ͍ͭͯͳʹ΋৮ΕΒΕ͍ͯͳ͔ͬͨɻͦ͜Ͱ(A1)ͷԾఆΛͳͯ͘͠ 
λ + = r rg      ) 10 . 5 (  
ͱ͓͖(A2)ΛԾఆͯ͠ΈΔɻ·ͣɺ(5.2),(5.3)͸ͦΕͧΕ࣍ͷΑ͏ʹͳΔɻ 
 
COCB   of   rate recovery     the is        where           
0 ) ) 1 ( ( ) (
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0 ) ( ) (
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0 ) ) 1 ( ( ) ( ) (
2
       ) 13 . 5 (
2
2 2 2





















ΑͬͯTsiveriotis and Fernandes (1998)͸ɺ (5.10)ͷΑ͏ʹղऍͯ͠͸͍ͳ͍ɻ ͭ·Γɺ (A1)
ΛԾఆ͠ͳ͚Ε͹ಋ͚ͳ͍ϞσϧͰ͋Δɻ 
 










ɾç ؆୯ԽͷͨΊϦΧόϦʔɾϨʔτ͸ 0ɺσϑΥϧτ͕ى͖Δ֬཰ p ͸Ұఆͱ͢Δɻ
͜͜Ͱ p ͸ϦεΫதཱ֬཰Ͱ͸ͳ͘ݱ࣮ͷ֬཰Ͱ͋Δɻ 
ɾç ۚརͷ֬཰աఔΛ࣍ͷΑ͏ʹ͓͘ɻ 
dB t r w dt t r u dr ) , ( ) , ( + =  
çççç͜ ͜ Ͱ dB ͸֬཰ଌ౓̥ͷԼͰඪ४ϒϥ΢ϯӡಈͰ͋Δɻ ֬཰ଌ౓̥͸ϦεΫதཱ
ଌ౓ʢಉ஋Ϛϧνϯήʕϧଌ౓ʣ̦Ͱ͸ͳ͍ɻ 
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࣍ͷΑ͏ͳϔοδϯάɾϙʔτϑΥϦΦΛߟ͑Δɻ 
V Z G 2 1          ) 14 . 5 ( ∆ − ∆ − = Π  
σϑΥϧτʹର͢ΔϔοδΛߟ͑Δલʹ࣍ͷԾఆΛ͓͘ɻ 
 
ʢAssumptionʣσϑΥϧτ͸ dt ͷ 1/2 ৐ΑΓ଎͍ΦʔμʔͰى͜Δɻ 
 
͢Δͱ֬཰ pdt Ͱى͜ΔɺσϑΥϧτ࣌ͷ͜ͷϙʔτϑΥϦΦͷՁ஋ͷมԽ͸ 
) ( ) (         ) 15 . 5 ( 2 dt o V G d + − ∆ − − = Π  







= ∆ + −
2
2
         ) 16 . 5 (

































































































































              (5.18)  






dt r d Π = Π                 ) 19 . 5 (   
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͕੒ཱ͢ΔɻΑͬͯɺ 
 
ɾç Default-free ͳ Bond Market ʹ͓͍ͯࡋఆػձ͕ଘࡏ͠ͳ͍ඞཁे෼৚݅͸ɺ 









͕͢΂ͯͷ Default-free Bond i ʹ͍ͭͯ੒ཱ͢Δ͜ͱͰ͋Δɻ 
ç͜ ͜ Ͱ Ж i,Мi ͸ Default-free Bond i ͷ return  ͱ volatilityɺЕ͸ Default-free Bond 
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ͱͳΔɻ 
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* : ) , (              (5.26)
µ
λ  
ç ç ç ͜͜ͰɺЖ*͸ Default-free Bond ʹ෇ਵ͢ΔϦεΫͷϓϨϛΞϜΛ߇আͨ͠ޙͷ

































          ) 27 . 5 ( λ µ  
çççͰ ͋ Δ ɻ (5.26)͸σϑΥϧτͷΠϕϯτϦεΫ ʢى͜Δ֬཰ʣ Ұ୯Ґ౰ͨΓͷϦεΫɾ
ϓϨϛΞϜΛ͍ࣔͯ͠Δɻ 
(5.25)Λ(5.26),(5.27)Λ༻͍ͯ੔ཧ͢Δͱɺ 
0 ) ) 1 ( (
2
1






















λ λ  
࠷ॳ͔ΒϔοδͰ͖Δ͜ͱΛલఏͱ͠ɺRisk-Neutral World Ͱʢಉ஋Ϛϧνϯήʕϧଌ౓
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2
2































ΫϨδοτϦεΫ൓өׂͨ͠Ҿ཰ΛٻΊΔ͜ͱʹΑͬͯɺ ΫϨδοτϦεΫΛ Handling ͢
ΔϞσϧͰ͋ΔɻҎԼɺΫϨδοτϦεΫͷѻ͍ํͷ෦෼͚ͩΛઆ໌͢Δɻ 
P(t,S)Λ࣌ؒ t,גՁ̨ͷঢ়ଶͰస׵ݖ͕ߦ࢖͞ΕΔ֬཰ɺp Λϊʔυͷ্ঢ֬཰ͱ͢Δɻ
Terminalç Condition ʹ͓͍ͯ P(̩,S)͸͔̍̌,͢ͳΘͪస׵͞Εͨঢ়ଶʹͳΔ͜ͱ͕֬
࣮ͳ৔߹͔࠴݊ͷঢ়ଶʹͳΔ͜ͱ͕࣮֬ͳ৔߹ʹܾఆ͞ΕΔɻ 
࣍ʹ Roll-back  routine Λࣔ͢ɻ͋Δϊʔυʹ͓͍ͯస׵ݖ͕ߦ࢖͞ΕΔ֬཰Λ 
ççççP(t,S)=pP(t+1,S+)+(1ʵp)P(t+1,S-) 
çççç͜͜Ͱ S+,S-͸ͦΕͧΕ࣍ͷظʹ͓͍ͯ Up,Down ͕ى͖ͨ࣌ͷגՁͰ͋Δ  
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ͱόοΫϫʔυʹܭࢉʹ͍͖ͯ͠ɺ͜ΕΛ༻͍ͯ࣌ؒ̓,גՁ̨ͷঢ়ଶͷׂҾ཰К(t,S)Λ 
ççççК(t,S)=P(t,S)r+(1ʵP(t,S))(r+rc) 






7. Cheung and Nelken (1994) 
 
  ຊߘͰڍ͛ΔϞσϧͷͳ͔Ͱ Cheung and Nelken (1994)ͷΈ͕̎ϑΝΫλʔϞσϧͰ͋
Δɻ 















ç 8.ʹ͓͍ͯ͸֦ு Vasicek ϞσϧΛ༻͍ͯɺ ࣾ࠴ͷΠʔϧυͷ֬཰աఔΛͦͷͱ͖ͷΠʔ
ϧυŋΧʔϒʹϑΟοτͤͨ͞ɻ·ͨɺגՁͷ֬཰աఔʹ͸ඪ४తͳϦεΫχϡʔτϥϧɾ
ϓϩηεΛ༻͍ɺϑΝΫλʔؒͷ૬ؔ͸̌ͱͨ͠ɻ 
ç () () dz dt ar t dr σ θ + − = ʹ͓͚Δɺ σ , a ʹ͸ͦΕͧΕ 0.03734,0.14625 Λ༩͑ͨɻ͜Ε
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